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Autoradiographic localization of 5-HT, receptors to human and
canine basilar arteries
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Autoradiographic techniques were used to identify serotonergic binding sites in human and canine basilar artery segments, 5-HT |,
but not 5-HT,, receptors could be localized to the mediat layer of the vascular wall using both [PH]LSD and {*H]5-HT. The identifica-
tion of 5-HT, binding sitcs in human and canine basilar arteries provides anatomical evidence that the 5-HT; recepror mediates vaso-

constriction in these major intracranial vessels.

Serotonin (5-hydroxytryptamine; 5-HT) has been
implicated in the pathogenesis of vascular disorders
such as migraine® and cerebral ischemia following
subarachnoid hemorrhage227.2%, In non-human spe-
cies, serotonergic axonal networks have been dem-
onstrated in both the major intracranial vessels and
the cerebral microcirculation4$.8-11.14.202425 Physjo-
logically, 5-HT is a potent vasoconstrictor of hurnan
basilar, middle cercbral and pial vessels! 12.13.15-17,
However, the effects of serotonergic agonists and an-
tagonists vary markedly depending on the specific
vessel under study, Recently, the interactions of se-
rotonergic agents with vascular smooth muscle have
been correlated with 5-HT, 2.2 and 5-HT,6.7-14 recep-
tor subtypes as defined by radioligand binding studies
in brain membranes?}. Since 5-HT, and 5-HT, sub-
types of serotonergic receptors have markedly differ-
ent affinities for a variety of agonist and antagonist
drugs, the identification of a specific receptor sub-
type in intracranial arteries may help guide the selec-
tion of agents used in the treatment of cerebrovascu-
lar disorders. In the preseat study, we report the di-
rect identification of 5-HT,, but not 5-HT,, receptors
i human and canine basilar arteries by receptor
binding autoradiographic techniques.

In order 1o detect possible binding to 5-HT, and/or

5-HT, receptors, serial mounted sections of human
and canine basilar arteries were incubated with 8§ nM
[*H]LSD and the slides were processed for autora-
diography®. In the absence of inhibitors, specific
grain density was 10 + 09 grains/625 um?
(P < 0.001) in human and 21 + 4 grains/625 um?
(P < 0.02) in canine basilar arteries (Table I). This
amount of specific binding represented 33% and
43% of total binding observed in human and canine.
vessels, respectively. When [3H]LSD was incubated
with 300 nM 5-HT in order to restrict radioligand
binding to 5-HT, receptors, as defined in brain tis-
sues, specific grain density was significantly reduced
to 2 + 0.5 grains/625 gm? in human and 4 + 2
rains/625 ym? in canine arteries. These values were
not significantly greater than non-specific binding
{defined as {*H]LSD grain density observed in the
presence of 300 nM 5-HT + 30 nM spiperone). in the
presence of 30 nM spiperone, [2H]LSD selectively la-
bels 5-HT, receptors®. Under these canditions, sig-
nificant amounts of specific binding could be de-
tected in human (10 + 0.8 graing/625 um?; P < 0,001}
and canine (22 % 2 grains/625 um?; P < 0.02) basilar
artery segments. No significant difference (P > 0.05)
was observed between the specific grain density in
the presence of 300 nM 5-HT and the specific grain
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TABLE 1

Binding of [*Hlligands to 5-HT receptors in himan and canine basilar artery

The binding of 8 nM [*H|LSD and 4 nM [*H]5-HT was analyzed in the absence or presence of inhibitar drugs. Grain density measure-
menls represent the average number of grains counted in 4 regions (625 #m?) of a single section of artery using 40 % magnification,
Data given are the average number * standard error of specific grain counts/625 ym? taken from 3 arteries, each of which was evalu-
ated in 4-7 different sections. Specific grain counts were defined as the excess number of grains/section over blanks taken in the pres-
ence of 300 nM 5-HT + 30 aM spiperone for |'H]LSD binding and 300 nM 5-HT (or [*H}5-HT binding. The standard r-test was used for

statistical compatisons of mean values.

[PH]Ligand Displacing agent Receptor subtype Human grain density  Canine grain density
_ specifically labeled (countsiregion} {countsiregion}
PHILSD - 5-HT, + 5-HT, 1009 TS B
PHILSD 300 nM 5-HT 5-HT, 2405 4+2
[*HILSD 30 nM spiperone 5-HT, 10+ 0.8** 2+2¢
[PH}S-HT - 5-HT, 24 £3% 14 + 4

* P<0.02;** P<0.00] in comparison to non-specific grain density vatucs.

density in the presence of 300 nM 5-HT + 30 nM spi-
perone.

Because the specific binding of [PH]LSD suggested
the labeling of 5-HT, but not 5-HT, receptors, we at-
tempted to confirm the presence of 5-HT, receptor
sites with the binding of [3H]5-HT. Specific grain
density using 4 nM [H]5-HT was defined as the ex-
cess over blanks taken in the presence of 300 nM
5-HT and represented 37% and 33% of binding ob-
served in human and canine arteries, respectively.
Significant amounts of specific grain counts were ob-
served in both human (24 + 3 grains/625 um?; P <
0.001) and canine (14 * 4 grains/625 um?; P < 0.02)
basilar artery segments (Table 1). As seen in Fig. 1,
the labeled sites were homogeneously located
throughout the medial layer (tunica media) of the
blood vessel.

The major finding of the present study is that
5-HT,, but not 5-HT,, receptors can be identified on
intracranial vascular smooth muscle, The differentia-
tion of 5-HT, and 5-HT, receptors was based on the
distinctive pharmacological characteristics of mem-
brane binding sites identified tn brain homogen-
ates?3. Although the physiologic interactions of sero-
tonergic agents with the canine basilar artery sug-
gests an association with 5-HT, receptors?2.28, radio-
ligand filtration studies are not sensitive enough to
identify binding sites in small, difficult to obtain,
muscular tissues. The autoradiographic localization
of 5-HT, receptors to human and canine basilar ar-
tery provides anatomical evidence that the 5-HT,

' receptor mediates contraction in these blood vessels.

Innervation of intracranial blood vessels by 5-HT
has been observed with a variety of techniques,
Chan-Palay?* demonstrated serotonergic plexuses
around major cerebral and pial vessels in the rat and
monkey. In the rabbit vertebral artery, a 5-HT im-
munoreaclive nerve plexus and the 5-HT metabolite
S-hydroxyindoleacetic acid have been demon-
strated. Using a peroxidase-antiperoxidase histo-
chemical technique utilizing antibodies specific for 5-
HT, DiCarlo and Beitz!0 have shown prominent axo-
nal networks in the adventitia of the rat basilar artery
and branches of the carotid circulation. Reinhard et
al.24%5 found 5-HT in purified samples of microves-
sels from rat and canine brain. Electrolytic and phat-
macologic lesions of the central raphe nuclei de-
creased the vessel content of S-HT suggesting a di-
rect innervation of small intrinsic vessels by seroton-
ergic neurons. These findings have recently been
confirmed in rat pial vessels!!. As a result, intracrani-
al vasculature appears to be directly innervated by
brainstem 5-HT nuctei.

The effect of 5-HT on vascular smooth muscle,
however, varies markedly depending on the specific
vessel under study. The significant differences be-
fween agonist and antagonist potencies in different
vascular systems have led many investigators to pro-
pose the existence of multiple vascular 5-HT recep-
tors*13.16.19.21 [n general, two distinct responses to
5-HT have been observed using in vitro contraction
techniques. First, certain vessels have high affinity
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Fig. I. Aatoradiographic identification of [*H|5-HT binding
sites in human basilar artery. Shown is an autoradiogram of a
human basilar artery labeled with [3H}S-HT. The photograph
was taken at 40 x magnification with the autoradiographic
grains in focus. Grain density is highest over the unica media
{TM) and internal elastic lamina (IEL). Fewer grains arc lo-
cated over the adventitia (A). The lumen (L) of the artery is es-
sentially devoid of radiographic grains. Human basilar arteries
were obtained at autopsy and canine basilar arteries were ab-
tained from adult dogs after death by rapid exsanguination,
The arteries were dissected into 4 mm segments and placed in
embedding matrix on a cryostat chuck. The assembly was fro-
zen in liguid freon. Sections (6 4m) were cut on a cryostat mi-
crotome and thaw-mounted onto subbed slides. 5-HT receptors
were labeled by incubation of the slide-mounted sections in 8
oM [PH]LSD (New England Nuclear, Boston. MA; 56.2 Ci/
mmol) or 4 nM [*H]S-HT (New England Nuclear, Bosion, MA ;
33 Cimmot) for &) min at 25 °C in 50 mM Tris-HCl buffer (pH
7.6) and 4 mM calcium chioride. For [*HILSD sites, 300 nM
5-HT andfor 30 nM spiperone were used to evaluate specific
binding o 5-HT, or 5-HT, receptors. For [*H]5-HT studies,
blanks were gencrated by adding 300 aM 5-HT to the incuba-
tion solution. Following three consecutive 5-min washes in cold
buffer without drugs, the mounted sections were dried and
processed for autoradiography as previously described. The
exposure duration was 9 weeks,
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for 5-HT but the contraction is essentially resistant o
blockade by classical antagonists such as methyser-
gide, cyproheptadine and cinanserin. A second re-
sponse has been observed in which the vessel has
comparatively low affinity for 5-HT but is completely

 blocked by low concentrations of the classical antag-

onists. These two distinct responses may correlate-
with the 5-HT, and 5-HT; receptors, respectively,
that have been described in brain membranes?. The
present report represents the first direct demonstra-
tion of 5-HT, receptor sites in vasculature. The re-
ceptors are homogeneously located over the entire
vascular wall, In the canine preparation, these data
confirm the conclusion (drawn from physiologic stud-
ies) that contraction of the canine basilar artery is
mediated via 5-HT, receptors2.2¢,

In the human, identification of 5-HT, bur not
3-HT, receptors in a major intracranial vessel may
have important clinical implications. Diseases such
as migraine and vasospasm following subarachnoid
hemorrhage are thought to occur as a result of abnor-
matl vasoconstriction, Since 5-HT is a potent endoge-
nous vasoconstrictor of intracranial vasculature, a se-
lective pharmacologic blackade of 5-HT, receptors
might be beneficial in certain clinical situations.
However, to date, a specific 5-HT, antagonist has not
been described. Development of such an agent may
have useful clinical applications in the treatment of
vascular neurologic diseases such as migraine, vaso-
spasm and ischemia.
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